Lesch-Nyhan disease (LND) is an X-linked recessive disorder caused by a deficiency in hypoxanthine-guanine phosphoribosyl transferase. Patients with LND experience involuntary movements, including dystonia, choreoathetosis, opisthotonos, ballismus, and self-injury. Alleviating these involuntary movements is important to improve the quality of life in patients with LND. Many clinicians have difficulty controlling these involuntary movements in their patients, and there are no established and effective treatments. A 6-month-old boy with LND presented with generalized dystonia and self-injury behavior that was alleviated after receiving S-adenosylmethionine (SAMe). His self-injury behavior completely resolved after he
Introduction
Lesch-Nyhan disease (LND) (Online Mendelian Inheritance in Man # 308000) is an Xlinked recessive disorder caused by a deficiency in hypoxanthine-guanine phosphoribosyl transferase (HPRT, Enzyme Commission # 2.4.2.8). The disease occurs in approximately 1/380,000 live births in Canada and 1/235,000 live births in Spain [1] , although its incidence in Japan is unknown. Its primary characteristics include hyperuricemia and neurological manifestations, including global developmental delay. The clinical phenotype presents mainly in men, but there are also female patients with LND.
Patients with LND suffer from involuntary movements, including dystonia, choreoathetosis, opisthotonus, ballismus, and self-injury. Alleviating these involuntary movements is important for improving quality of life. The underlying cause of the neurobehavioral phenotypes of LND is decreased dopaminergic neuron density or dopaminergic terminal density in the basal ganglia [2] , compensated by increased dopamine receptor sensitization in the remaining dopaminergic neurons [3] . Levodopa (L-DOPA) treatment was expected to decrease involuntary movements in patients with LND; however, it exacerbated dystonia and hyperactivity in some patients [4] .
Dopamine antagonists were also expected to diminish involuntary movements in patients with LND, and several studies showed dopamine antagonists attenuated self-injury in various animal models, including 6-hydroxydopamine-lesioned rats and monkeys with unilateral ventromedial tegmental lesions. However, it has been difficult to translate dopamine hypersensitivity into effective therapies for patients with LND, and results have varied. Other treatments are required to combat LND-related motor and behavioral dysfunction.
Glick [5] serendipitously discovered that S-adenosylmethionine (SAMe), administered to reduce transaminase levels elevated secondary to regular fentanyl use in a patient with LND, unexpectedly and dramatically improved self-injury behaviors and persisted over several years. Moreover, Chen et al. [6] reported the beneficial effect of SAMe on neurological symptoms, including dystonia and self-injury.
We encountered a patient with LND and severe dystonia, including abnormal laryngeal movements. After exhausting other therapeutic options, we administered SAMe treatment, and his neurological symptoms improved. This is a report of the patient's clinical course and a discussion of the effectiveness of SAMe treatment for LND. Brain magnetic resonance imaging (MRI) showed no signs of cortical atrophy or abnormal intensities ( Fig. 1a, b ). His electroencephalogram was normal and his development quotient on the Enjoji Scale of Infant Analytical Development was 42 at 8 months of age. His blood T cells were HPRT negative because they were 6-thioguanine resistant. The genetic analysis of his HPRT gene revealed the hemizygous g.151C>T (p. R51X) mutation, and we diagnosed the patient with classic LND (Fig. 2 ). We administered allopurinol (up to 20 mg/kg/day) and added potassium citrate and sodium citrate when he was 15 months old. We added gabapentin (up to 40 mg/kg/day) for increased self-injury behavior at the age of 19 months and introduced SAMe treatment (up to 20 mg/kg/day) at the age of 23 months because his self-injury persisted.
The patient's self-injury gradually diminished after the introduction of SAMe. At 26 months of age, he showed stable head control and began picking up objects with each hand. His abnormal involuntary movements score was markedly decreased, especially for facial and oral movements (Table 1) . However, he continued to demonstrate dyskinesias when he was angry or excited.
Although the patient had persistent paroxysmal inspiratory stridor resulting from abnormal laryngeal movement and frequent hospitalizations for bronchitis or bronchopneumonia before SAMe treatment, his laryngeal stridor resolved 6 months after SAMe treatment, and he has had few episodes of bronchitis or pneumonia since. MRI performed when he was 26 months old revealed no atrophy or abnormal brain intensities (including the basal ganglia; Fig. 1c, d) . His (previously resolved) lower lip biting recurred when he was 34 months old. We administered risperidone (up to 0.05 mg/kg/day), and the patient's self-injury behavior completely resolved owing to the combination therapy of SAMe and risperidone. At this time, he is 4 years old and can move short distances by rolling.
Discussion
We present a boy with generalized dystonia and self-injury behavior secondary to LND. His recurrent self-injury behavior resolved after he received the combination of SAMe and risperidone treatment. Although he often experienced inspiratory stridor due to his laryngeal dystonia and had frequent episodes of aspiration pneumonitis and bronchitis, he was free of inspiratory stridor after SAMe treatment. At present, the patient still receives the combination SAMe (15-20 mg/kg/day) and risperidone (0.05 mg/kg/day) treatment.
This patient has one of the most common mutations (g.151C>T [p. R51X]) that converts the codon encoding arginine to a stop signal [7] . This is a de novo mutation and was not detected when his parents underwent genetic analyses. In patients with LND, this defect is one of the most frequently occurring spontaneous mutations. This is because of the endogenous mutagenic potential of 5-methylcytosine deamination coupled with deoxyribonucleic acid (DNA) replication of the resulting T:G mismatch that produces a thymine transition mutation [8] .
SAMe, a major methyl donor, influences central nervous system function through cellular transmethylation pathways, including the methylation of DNA, histones, protein phosphatase 2A, and several catecholamine moieties. SAMe has a prominent antidepressant effect, and some investigators reported a functional effect in mouse models of Alzheimer's disease, epilepsy, and amyotrophic lateral sclerosis. The pathophysiology of LND is not fully understood; however, it likely involves cellular adenosine depletion. SAMe may replenish the purine pool by serving as an adenosine donor. Adenosine can be formed into adenosine monophosphate by adenosine kinase and adenosine triphosphate. Adenylosuccinate lyase can form inosine monophosphate, which is then transformed to guanosine monophosphate by isocitrate dehydrogenase and replenishing guanosine triphosphate purines.
Chen et al. [6] reported the effectiveness of SAMe treatment for self-injury and dystonia in children with LND aged 1 month to 12 years. Conversely, Dolcetta et al. [9] reported that SAMe treatment improved self-injury in only 3 of 13 patients with LND who were aged 18 years or older and exacerbated self-injury in 5 patients. The effects of SAMe on LND-related self-injury and dopaminergic neurons probably depend on the patient's age.
Although the effectiveness of SAMe for the treatment of involuntary movements in neural diseases other than LND is controversial, it may produce effects in patients with basal ganglia lesions by modulating neurotransmitter release and increasing dopaminergic tone in brain regions, including the basal ganglia. More research is required to clarify the efficacy of SAMe for the treatment of involuntary movements caused by other neural diseases.
SAMe is a major methyl donor for transmethylation reactions, especially during synthesis of 2 myelin phospholipids: phosphatidylcholine and sphingomyelin. SAMe stimulates myelination in demyelinating diseases, such as methionine adenosyltransferase (MAT) I/III deficiency, and may help improve neurological symptoms in patients with MAT I/III deficiency [10] . On MRI, patients with LND show reduced volume of the basal ganglia, as seen in patients with dystonic movement disorders. At 26 months of age, our patient had no atrophic changes in the basal ganglia or other abnormal findings on MRI. SAMe treatment might stimulate myelination and prevent basal ganglia atrophy, thereby improving symptoms in patients with a dystonic movement disorder.
Risperidone is a D2 receptor antagonist with D1 receptor binding. The effect of risperidone on self-injury behavior varies among patients with LND [11] . The mechanism of risperidone for self-injury is controversial because risperidone has multiple targets within the central nervous system. SAMe appears to help replenish the purine pool in the brain and improves brain function. Risperidone balances those areas of the brain responsible for abnormal behaviors. Therefore, the SAMe and risperidone treatment could improve self-injury symptoms by different mechanisms.
Conclusion
SAMe treatment alleviated generalized dystonia and self-injury behavior in our patient and appears to alleviate dystonic movements and improve quality of life in pediatric patients with LND. The combined treatment of SAMe and antipsychotics such as risperidone may be effective for self-injury behavior, which is uncontrolled by treatment with SAMe alone. Additional research is needed to determine the long-term safety and efficacy of SAMe and its appropriate dosage and combination with other medicines. Fig. 1 . Brain magnetic resonance imaging before (a, b) and after (c, d) S-adenosylmethionine treatment in a boy with Lesch-Nyhan disease. a T2-weighted imaging at the age of 6 months. b T1-weighted imaging at the age of 6 months. c T1-weighted imaging at the age of 26 months. d T1-weighted imaging at the age of 26 months. 
